Purpose: To present the changing indications and surgical techniques for keratoplasty during a 16-year period (2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016)(2017)(2018) at a tertiary referral hospital in Japan. Methods: Consecutive keratoplasty cases at Kanazawa University Hospital from January 2003 to December 2018 were retrospectively reviewed. Keratoplasty procedures included penetrating keratoplasty (PK), deep anterior lamellar keratoplasty (DALK), anterior lamellar keratoplasty (ALK), Descemet's stripping automated endothelial keratoplasty (DSAEK), and Descemet's membrane endothelial keratoplasty (DMEK). Annual numbers and types of keratoplasty as well as underlying diseases for PK and total keratoplasty procedures were recorded, and annual trends were statistically analyzed using Cochran-Armitage test for trend. Results: A total of 801 keratoplasty procedures (PK, 319 cases; DALK, 57 cases; ALK, 9 cases; DSAEK, 371 cases; and DMEK 45 cases; mean age, 66.9±16.3 years) were performed for 595 patients (302 males [329 eyes, 419 cases], 293 females [345 eyes, 382 cases]) during the 16-year period. The proportion of PK procedures decreased significantly in the beginning and showed a slightly increasing trend after a plateau around 2015. DSAEK was increasing after 2006 and reached a plateau around 2012. Among 10 underlying diseases for total keratoplasty, corneal opacity and dermoid were decreasing linearly. Failed PK and failed DSAEK were increasing linearly in the beginning and reached a plateau followed by a decreasing trend. In terms of the underlying disease for PK, bullous keratopathy was decreasing in the beginning and reached a plateau around 2015. A total of 19 PK procedures were performed on cases with recalcitrant bullous kerstopathy (BK) after 2010. Conclusion: The distribution of keratoplasty procedures and underlying diseases changed significantly over 16 years at a tertiary referral hospital in Japan. PK procedure was significantly decreased and DSAEK procedure was significantly increased. PK for BK decreased significantly; however, PK remains a viable option for other recalcitrant corneal diseases. Keywords: Descemet's stripping automated endothelial keratoplasty, Descemet's membrane endothelial keratoplasty, penetrating keratoplasty
Introduction
To date, keratoplasty is the most frequently performed organ transplantation procedure in Japan.
1 Penetrating keratoplasty (PK) is the original type of keratoplasty procedure, with a history of more than 100 years. In the past decade, the number of lamellar keratoplasty procedures performed has significantly increased compared with PK; lamellar keratoplasty procedures include deep anterior lamellar keratoplasty (DALK), anterior lamellar keratoplasty (ALK), and endothelial keratoplasty (EK) such as Descemet's stripping automated endothelial keratoplasty (DSAEK) [2] [3] [4] and Descemet's membrane endothelial keratoplasty (DMEK). [5] [6] [7] [8] [9] [10] Recent statistics have shown that EK procedures are the most commonly performed keratoplasty procedures in the US for the treatment of bullous keratopathy (BK). 11 In western countries, the majority of underlying diseases for which BK is performed are Fuchs' endothelial dystrophy (FED) 9 and cataract surgery. 11, 12 In contrast, the results of a national study in Japan conducted between 1999 and 2001 indicated that the underlying diseases for which BK is performed are quite different from those in western countries. 13 While BK for FED is relatively rare, BK after argon laser iridotomy (ALI) and BK after cataract or glaucoma surgery are commonly performed in Japan. 13 We previously investigated recent trends in underlying diseases for EK procedures in Japan, 14 and revealed a significant increase in re-DSAEK and DMEK among all EK procedures. Additionally, among the underlying diseases, the incidence of BK after ALI and FED has decreased and the incidence of BK after trabeculectomy and failed DSAEK has increased in the past decade.
In this study, we further elucidated trends and causal diseases for all keratoplasty procedures, including both PK and other lamellar surgeries, over a much longer period (16 years) . It may be beneficial for Asian corneal surgeons or western corneal surgeons treating Japanese and/or Asian patients to understand current trends in keratoplasty procedures at a tertiary referral hospital in Japan.
Methods
This study was approved by the Medical Ethics Committee of Kanazawa University (approval number, 2645), and followed the tenets of the Declaration of Helsinki. Written informed consent was obtained from all patients.
Charts of patients with corneal diseases surgically treated with keratoplasty by three experienced corneal surgeons (A.K., H.Y., and K.S.) at Kanazawa University Hospital from January 2003 to December 2018 were retrospectively reviewed. Data regarding the annual number and type of keratoplasty procedures and underlying diseases for PK and all keratoplasty procedures during this period were collected. Keratoplasty procedures included PK, DALK, ALK, DSAEK, and DMEK. DSAEK and DMEK were introduced to our hospital in 2006 and 2010, respectively. The following diseases were recorded as underlying diseases for PK: BK, keratoconus, corneal dystrophy, corneal infection, corneal opacity other than dystrophy or ongoing infection or BK, corneal perforation, failed PK, and failed DSAEK. Dermoid and failed DMEK were also recorded as underlying diseases for all keratoplasty procedures. Graft failure after PK/DSAEK was defined as failed PK or failed DSAEK, respectively, independent of BK. If both eyes had undergone keratoplasty, both were enrolled into the study. If a single eye had undergone multiple keratoplasty procedures, each procedure was recorded independently. Trends in keratoplasty procedures and underlying diseases for PK and all keratoplasty procedures were statistically analyzed.
Statistical methods
To detect monotonic annual trend in causal disease and surgical procedure of corneal endothelial transplantation during study period, Cochran-Armitage test was applied to the 10 diseases (BK, keratoconus, dystrophy, corneal opacity, corneal perforation, corneal infection, failed PK, failed DSAEK, failed DMEK, and dermoid) and the 5 procedures (PK, DALK, ALK, DSAEK, and DMEK). The study period is from 2003 to 2018. However, DSAEK and DMEK were not feasible at 2003, for that reason, baseline years for failed DSAEK and failed DMEK were assumed to be 2006 and 2010, respectively. If P-value to the null hypothesis, i.e., no monotonic annual trend exists, was <0.05, the disease/procedure was considered to have a significant monotonic increasing or decreasing trend over the years.
Moreover, to fit a smoothed curve for the proportion over years, logistic regression model was applied to the 10 diseases and the 5 procedures. Four types of model were prepared, depending on the highest degree of year term in the explanatory variables, from linear to quartic. For excluding models with significant lack-of-fit to the data, Hosmer-Lemshow test was used. Akaike's information criteria were used to select the best model for each disease/procedure, after excluding models with significant lack-of-fit.
In addition, for evaluation of causal disease in the PK subgroup, similar statistical analyses were performed for eight diseases (BK, keratoconus, dystrophy, corneal opacity, corneal perforation, corneal infection, failed PK, and failed DSAEK). Table S1 ).
Results
A total of 319 PK procedures were performed for patients with eight types of corneal disease during the 16-year period (Table 2 ). In terms of the underlying disease for PK, significant monotonic trends over years were observed in 5 diseases, i.e., bullous keratoplasty, keratoconus, perforation, failed PK, and failed DSAEK ( Figure 3 , Table S2 ). BK was decreasing in the beginning, and showed increasing trend after a plateau around 2015. Keratoconus was increasing linearly. Perforation was increasing in the beginning, reached a plateau around 2009, and then showed an increasing trend in the last part of study period. Failed PK was increasing in the beginning, and showed a decreasing trend after a peak around 2013. Failed DSAEK was observed in 2016 for the first time.
Ten underlying diseases for keratoplasty, BK, keratoconus, dystrophy, corneal opacity, corneal perforation, corneal infection, failed PK, failed DSAEK, failed DMEK, and dermoid, were evaluated in this study. BK was the most common cause of keratoplasty throughout the 16-year period (440 cases, 54.9%; Table 3 ). Significant monotonic trends over the years were observed in 5 diseases, i.e., dystrophy, corneal opacity, failed PK, failed DSAEK, and, dermoid ( Figure 4 , Table S3 ). Corneal opacity and dermoid were decreasing linearly. Failed PK and failed DSAEK were increasing linearly in the beginning of the study period, but in the latter half, reached a plateau. Dystrophy showed a fluctuating change with a peak in 2006 and was increasing in the last part of the study period.
Discussion
In this study, we retrospectively reviewed total keratoplasty procedures (PK, DALK, ALK, DSAEK, and DMEK) performed over a 16-year , including a significant increase in the incidence of these procedures. 14 With respect to causal diseases for BK, BK secondary to LI was the leading cause in 2007, followed by FED and failed PK. In 2016, BK after trabeculectomy was most prevalent, followed by failed DSAEK, failed PK, and pseudophakic BK. The decreased incidence of ALI and FED and increased incidence of BK after trabeculectomy and failed DSAEK were statistically significant. 14 These results confirmed the differences in causal diseases for BK in Japan compared with those of western countries.
In this study, we analyzed current trends in PK procedures. Although the incidence of PK has decreased, it remains as an important procedure for some patients. As causal diseases for PK during the 16-year period, the incidence of BK was decreasing in the beginning and reached a plateau around 2015. A total of 19 PK procedures were performed on cases with BK after 2010 in our hospital: 8 cases with BK after globe rupture, 3 cases with BK due to microcornea, and others with BK after multiple surgeries or with proliferative vitreoretinopathy. All of these complicated BK cases had an excellent postoperative course with no endothelial decompensation for 3-year follow up, indicating that PK remains a viable and important option for other recalcitrant corneal diseases.
A limitation of the current analysis is that it is a singlecenter study, so the results obtained herein may not necessarily reflect the overall trends in Japan. Nonetheless, this study has successively elucidated recent trends in keratoplasty procedures during a 16-year period in a tertiary referral hospital in Japan.
In conclusion, the distribution of keratoplasty procedures (PK/DALK/ALK/DSAEK/DMEK) and underlying diseases changed significantly over a 16-year period (2003 to 2008) at a tertiary referral hospital in Japan. A significant decrease in PK procedures and a significant increase in DSAEK procedures were observed. The use of PK for BK decreased significantly; however, PK remains a viable option for the 
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